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Gcnaral: 

, The  objoctivQS  of  this  study  aru  to  datarmlna  rcasonablu  b/l  ratios 
for  high  f raquancy  audio  modulation  (HF  Ail)  Hav/y  Tactical  communications, 
to  cornpara  these  ratios  uith  curront  International  Froquancy  Registration 
Board  (IFRB)  specifications,  and  to  determine  the  effects  of  modifying 
the  sir's.  The  approach  takc^n  uas  to  deuolop  a mathematical  modal 
capable  of  relating  signal,  noise,  interference  and  probability  of  a- 
chieving  required  Signal-to-Moise  Ratios  (SbR's)  and  Signal-to-Inter- 
ferenco  Ratios  (SIR's). 

The  modal  sclootcd  was  that  deueloped  by  Sachs  (attachment  A-equa- 
•) 

tion  18).  The  International  Radio  Consulting  Committee  (CCIR)  model 

2 

(report  264-2,  para-4,  attachinant  □)  only  considers  signal  and  inter- 
ference level  and  does  not  take  noise  into  account.  Sachs'  model  allous 
for  the  consideration  of  a minimum  SfOR  as  well  as  an  SIR  threshold.  The 
statistical  distribution  of  both  signals  £iro  assumed  to  be  log-normal. 

The  model  uas  programmed  on  a Wova  computer. 

The  data  required  for  input  to  the  model  is: 

1.  flinimum  detectable  signal  (dBm) 

2.  Standard  deviation  of  the  desired  signal  (dB) , 

3.  Standard  deviation  of  the  inter f fjrcnce  (dB). 

4.  Correlation  coefficient  t)atween  signal  and  inturfcrence 
(-1  to  >1). 

5.  Accc()tafile  (iiinimurn  Slf?  threshold  (riO). 

6.  Roijuirt.'d  prnf)ahility  of  achieving  the  minimum  SIR  throslnold. 
Tho  output  of  the  modrd  is  expecterl  signal  Icivtil,  (dBm)  cxpoctod 


'•  ■ 


interf ei'encc  level  (illlin),  expected  SIR  (dl5)  and  probability  of 
successful  communication,  (P(R+)) 

The  minimum  detectable  slgnla  level  is  a receiver  characteristic 
and  readily  available.  A typical  level  of  -lOA  dBm  was  chosen. 

The  standard  deviation  of  the  signal  and  Interference  is  a function 
of  the  propagation  path  and  changes  in  antenna  gain  caused  by  physical 
fluctuation  of  the  antenna.  Studies  of  various  reports  3,4  showed 
that  8-10  dB  is  a reasonable  range  for  coastal  communications. 

The  correlation  for  the  signal  and  interference  levels  was  not 
available.  The  CCIR  assumes  a value  of  0.5,  but  there  does  not 
seem  to  be  any  data  supporting  this  number. 

The  acceptable  minimum  SIR  threshold  is  a direct  function  of  the 
articulation  index  or  articulation  score.  The  articulation  index  is 
a nubmer  representing  the  proportion  of  unrelated  syllables  understood 
by  the  average  listener.  The  articulation  score  represents  the  per  cent 
of  English  text  which  would  be  understood  by  the  average  listener. 

The  relationship  of  these  values  for  AM  voice  modulation  (a3)  inter- 

% 

ference  to  an  A3  signal  was  analyzed  by  the  Electromagnetic  Compatibility 
Analysis  Center  (ECAC)^  and  Rome  Air  Development  Center  (RADC)6.  The 
results  of  the  ECAC  analysis  are  contained  in  figures  1 and  2 and  the 
RADC  results  are  shown  in  figure  3.  Based  on  these  studies,  a minimum 


threshold  level  of  8 to  10  dB  for  English  language  messages  appears 
reasonable. 

The  regulred  probability  of  achieving  acceptable  communication 


is 


specified  as  84X  for  most  types  of  communications.  This  threshold  was 
utilized  for  this  analysis. 
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Rosulta 

Tho  rnodol  uas  oxorcisud  for  raiiQoo  jf  roaoniiiiblo  uoluiio  as  shown  in 
figures  4 through  20. 

The  model  operates  using  selected  values  of  recuiuor  minimum  de- 
tectable signal  (HDS) , signal  and  interference  standard  deviations, 
signal-to-interf erence  threshold  and  correlation  coefficient.  It  ttien 
stops  the  mean  signal  level  in  2 dB  increments  starting  at  the  HD3 
level.  For  each  increment  it  steps  the  mean  interference  level  from 

[ 10  to  40dB  below  the  signal  level.  If  any  value  (r+)  of  tho  probability 

i 

! of  successful  communications  equals  or  exceeds  0.B4  it  prints  out  the 

I . values  of  mean  signal,  mean  interference  level,  mean  SIR  and  the  prob- 

! ability  of  successful  communications. 

Note  the  effect  of  tho  choice  of  the  correlation  coefficient  and  the 

/ 

I 

• convergence  on  a single  expected  SIR  as  the  signal  strength  increases  to 

where  the  noise  level  becomes  insignificant.  Figures  4 through  7 show 
these  effects  for  what  is  probably  the  most  optimistic  case  (standard 
deviation  (cr)  of  only  8 dB  for  signal  and  interference  and  an  SIR 
threshold  of  BdB) . Typical  results  are  summarized  below  in  Table  1. 


Table  I 
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Typical 

Cases 

Required  SIR  (dS) 

Corr.  Coeff.  .1 

SIR  THR-(dB) 

^(cJB) 

^dB) 

Strong  Signal 

Uoak  Signal 

* 

.9 

B 

8 

8 

12 

15 

.5 

0 . . 

8 

8 

16 

23 

Cm 

D 

0 

8 

8 

20 

26 

.9 

8 

10 

ID 

13 

16 

.5 

8 

ID 

ID 

18 

26 

0 

8 

ID 

ID 

23 

20 

.9 

ID 

8 

8 

14 

25 

r. 

.5 

10 

8 

8 

18 

25 

0 

ID 

8 

8 

22 

25 

.9 

10 

10 

10 

15 

10 

.5 

10 

ID 

10 

20 

20 

? 

0 

10 

10 

10 

25 

30 
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' Tor  tho  cases  sUiT.niariztjd  abouo  the  auerago  rcjquii-od  SIf<  for  strong 

desired  signals  is  10  dO  and  for  minimal  dotoctablo  signals  is  7A  dB 
(at  tho  0.04  probability  of  success  louol).  It  appears  from  tho  auailablo 
data  that  tho  values  above  are  roasonablo  ranges  of  values  for  coastal 
communications. 

Conclusions 

1.  The  model  used  indicates  that  a mean  SIR  of  18  dB  is  required  to 
assure  a 0.84  probability  of  successful  communications  uith  strong  signals 
(SNR's  of  15  dB  or  more).  Marginal  signals  require  a higher  degree  of 

protection  - on  the  order  of  24  dB.  Tho  current  IfRB  standard  is  22  dB 

y 

' mean  SIR  for  the  type  of  system  under  discussion  (soe  attachment  C). 

2.  The  CCIR  model  is  only  valid  for  strong  signals.  The  values  used  by 

' the  IFRB  assume  a 0.5  correlation  coefficient,  uith  no  basis  for  this  choice. 

t 

3.  Knouledgable  researchers  agree  that  the  signal  and  interference 

are  positively  correlated,  but  the  degree  of  the  correlation  has  not  been 
determined.  The  results  are  sensitive  to  the  value  of  the  correlation  j 

coefficient  used  and  its  actual  value  should  be  determined. 

. i 
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Figure  l Sa-nple  Performance  Degradation  Curve  For  A3  Receiver 

With  A3  Interference  (Af  = 0) 


Performance  Calculated  From 
Measured  Receiver  Characteristi« 


Performance  Calcula”^tcd  From 
Nominal  Receiver  Characteristics 


Figure  3 


Mote:  Rosultc  ahoue  based  on  typical  HF  AM  receiver,  banduidth 
cipproximately  0 kHz. 
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A Realistic  Approach  to  Defining  the 
Probability  of  Meeting  Aeecptable 


Receiver  Performance  Criteria 

/ 


in;Rl)hK.T  M.  SACHS,  senior  McMiltK,  U.U: 


Abstract — A slatislical  iixulO  for  esUMIshiii};  the  probability  of  tn'ing 
able  lo  successfully  coinimmicale  is  deselojK-d.  'Ihe  model  is  based  on 
rtatuirc-nients  for  meeting  both  a specific  sigiial-to-ioterference  criterion 
and  a sp-ecific  signal-loiioise  criterion,  and  tabes  into  account  the 
correlation  that  exists  in  the  variations  of  desired  and  undesirid  path 
loss. 

I.  INIRODUCIION 

TV  >f  OST  Statistically  oriented  interrerence  analysis 
I V i models  generate  a receiver  intcrrcrencc-to-noise  dis- 
tribution or  signal-to  interTercnce  distribution  and  then 
compute  the  probability  that  the  intcrrerence-to-noise  dis- 
tribution or  the  signal-to-interrcrcncc  distribution  exceeds 
some  threshold  criterion  in  order  to  identify  the  expected 
degree  of  satisfactory  communication  receiver  performance. 
When  an  inlerfcrencc-to-noisc  distribution  is  employed,  the 
implicit  assumption  is  made  that  satisfactory  receiver  per- 
formance is  independent  of  desired  signal  level.  When  a 
signal-to-intcrfcreiice  distribution  is  used,  the  assumption 
is  usually  made  that  an  acceptable  signal-to-noise  ratio 
always  exists. 

Those  models  that  treat  both  signal-to-noisc  and  signal- 
to  interference  effects  ignore  the  possible  correlation  be- 
tween the  desired  signal  and  the  interference.  This  correla- 
tion is  far  from  nonexistent,  as  evidenced  by  the  path  loss 
variation  on  long-range  HF  links  where  interference  signal 
fades  will  often  occur  at  the  same  time  as  desired  signal 
fades,  or  by  the  negative  correlation  seen  by  a mobile 
receiver  operating  in  the  region  between  desired  signal  and 
undesired  signal  base  stations.  This  paper  is  intended  to 
put  all  of  these  statistical  concepts  into  perspective  and  in 
particular  lo  show  the  general  rationale  that  treats  signal 
statistics,  interference  statistics,  and  the  correlation  thereof. 

II.  Bas'c  Analysis 

Consider  a receiving  system  whose  performance  can  be 
defined  on  the  basis  of  input  signal-to-noise  and  signal-to- 
intcrfercncc  threshold  criteria.  .It  is  desired  to  .specify  the 
prob.ibility  that  such  criteria  will  be  met.  Under  these 
circumstances,  acceptable  system  performance  can  be  said 
to  occur  when 

■ signal  lo  noise  > Aj 
signrd  to  interference  > Aj.  (1) 

Manuvcripl  received  Dcccmtwr  14.  1970. 

The  auilior  is  with  Suclis/l  rceman  Associalci,  Inc.,  Ilyallsville, 
Md.  20/84. 
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Fxptcsscd  in  units  of  dB, 

S - N ^ r, 

A - / ^ (2) 

where  A,  and  r^  designate  signal-to-noisc  ratio  thresholds 
in  numeric  ratio  and  dB  units,  respectively,  and  7?^  and  r, 
designate  signal-to-interference  ratio  thresholds  in  numeric 
ratio  and  dB  units,  respectively. 

Both  5 and  / arc  functions  of  the  source  levels  of  the 
respective  signals  and  the  gains  and  losses  the  signals  will 
incur  between  the  sources  and  the  receiver  in  question. 
Tlius,  for  nonmobile  systems, 

S(dB)  ==  P,  + Gj  + G,  - Lj  ~ Din 
7(dB)  P,  + G,+  G,~  Li  ~ F (3) 

wlierc 


Pj  and  Pi 
Gj  and  Gj 
Lj  and  L,- 
C.  and  Gt, 
Din 
F 


desired  signal  and  interference  source  levels, 
respectively; 

desired  signal  and  interference  source  antenna 
gains,  respectively; 

desired  signal  and  interference  path  losses, 
respectively; 

receiver  antenna  gains  to  desired  signal  and 
interference,  respectively; 
dcsensitization  of  the  desired  signal  by  in- 
terference; and 

receiver  off-frequency  rejection  factor. 


If  the  term  Z)(/)  is  not  significant,  it  has  often  been  sbo  <n 
(for  example,  see  [1],  [2])  that,  to  a first-order  approxima- 
tion, S and  / can  be.  represented  by 

. S = Pf  + Pf  + Gj  + + G,  ~ h 

J = Pf  + p,  + Gi  + Pi  + Gi,  F Pt,  — -Li  — li  — F — f 

(4) 


where  the  bars  denote  the  expected  values  of  the  parameters 
of  (3),  and  the  corresponding  lower  case  terms  represent  a 
sample  from  a normal  distribution  describing  the  variation 
of  that  parameter. 

Equation  (1)  can  be  simplified  to  the  forms 

S --  S + e. 

I --  7 -1  e,  . (5) 

where 

S - P,  + G,  -h  G.  - L, 

1 - Pi  -h  G,  -i  G,-  L,~F 
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Fig.  1.  Joint  probjbilily  disiribiilion  of  5 and /,  assuming  sladstical  Fig.  2.  Conditions  for  meeting  jcfformarice  criteria,  assuming 
independence.  . statistical  independence. 


'1 


f 


4il 

t. 


and  e,  and  Cj  arc  samples  from  another  normal  distribution 
such  that 


a,  * r=  cr  * 

O Pd 


+ o,:  + tr,, 


(6) 


(7) 


'll  ^ °s 

Substituting  (5)  into  (2)  gives 

5 — 2/  + e,  ^ r, 

S + e,  - (7  + c,)  ^ rj. 

III.  Calculations  of  Probability  of  Successful 
Communication 

Initially  assume  that  the  statistics  associated  svith  the 
desired  signal  and  the  statistics  associated  with  the  inter- 
ference signal  are  uncorrelaled.  If  that  is  the  case,  then  a 
plot  of  equal  probability  contours  of  S versus  I would  look 
something  like  that  shown  in  Fig.  1.  The  joint  probability 
function  would  be  centered  at  (S,/),  and  would  be  described 
by  the  relationship 

where  x and  y are  displacements  from  S and  7,  respectively. 
The  plot  is  actually  a three-dimensional  one,  with  the 
dimensions  being  5,  /,  and  Now  refer  again  to  (2), 

rewritten  as  follows: 

5 ^ fj  -F  = /-j 

5 2:  / -F  r. 


Equation  (II)  can  be  reduced  using  the. substitution  / — 
7 = a:  to  give 

’ - J exp  [ - ~ flj 

• r ^ (’2) 

J - «o  L 2<r,,  J 

Substitution  of  7 = (5  — S)/(-/2  a,/  in  (12)  results  in 


P(r 


,.rs)  - J 

V2na,,  J( 


exp  (-2*) 


exp  (-7*) 


1 f” 

•4t.  SJ/'/Jo, 

L ffc-  ‘^.i  J 


(14) 


where  C>(-)  is  the  cumulative  Gaussian  probability  distribu- 
tion function.  Equation  (14)  can  also  be  expressed  in  terms 
of  the  error  function,  giving 

- S) 


(9) 

(10) 


where  is  the  minimum  acceptable  signal  level.  These 
equations  can  be  superimposed  on  Fig.  1 to  give  Fig.  2. 
Only  that  portion  of  the  grapli  left  unshaded  in  Fig.  2 
meets  the  required  performance  criteria.  The  total  prob- 
ability of  the  criteria  being  met  is  equal  to  the  volume  under 
the  unshaded  curve  and  bounded  by  the  p[x,y^  = 0 plane 
and  the  planes  denoted  by  (9)  and  (10).  This  volume  can  be 
expressed  as 


• f exp  (-7*) 

• erf  f-f* 


V2c 


(•5) 


Equation  (14)  represents  liic  basic  equation  for  evaluating 
the  prob.Tbility  of  successriil  comniunic.itions  when  the 
signal  and  interference  statistics  arc  uncorrelated.  The 
method  of  treating  this  situation  has  often  been  to  disregard 
the  signal-to-noisc  requirement  and  define  the  preceding 
probability  by  the  cxprc;  sion 

. V2a>/a,/  -F  a,/ 

• Texp 

Jo  L 2(a,/-FOJ 


iL^;  I'KoaAiiiiiiv  or  ►uiiing  Ktuiviir  r-i  “Iokmanci  ckiiimia 


S • I rKir»l>old  (illl),  tj 


/ , 


Fi".  3.  Customary  representation  of  cfTccis  of  interference.  Shaded  Fi’n.  4.  Ctjudiiions  for  meeting  petforrr\ance  criteria,  assuuur^g 
area  is  probability  of  5"  — /exceeding  threshold.  statistical  de;>cndcncc. 


fcj*  *t  tj  I t 


MCbi-fuiTT  or  suiccssrin.  crs-.-t'^iCATio^ 


rHW»9UlTT  Cf  SUCCCSSrw.  conr Alctliu* 


Normalised  graph  of  (15')  for  p ~ 0 at»d  for  various  values  of 
• /.  *=  Cff  = c;  ~ 0;  rn  » (5  — /»  — (ej  — S)/'a. 


Fig.  6.  Normalised  graph  of  (15')  for  — f ^ 0 and  for  various  volu 
cf  p.  s=  Cfg  c;  f j *=  0;  in  <5  — / ),c;  n ~ (fj  — S)  c. 


This  is  a two-dimensional  rcprcscntalion  of  sitcccssful  com-  equation: 

lounicalion,  as  illustrated  in  Fig.  3.  - j • 

It  can  be  shown  that  the  latter  equation  pves  the  same  p{x,y)  

icrsult  is  obtained  from  (14)  or  (13).  for  the  ease  where  — p’) 

th.e  value  of  Tj  in  (15)  is  --co,  and  ^(rj)  = 0.'  Howeser,  r i ^ . ,i  -i\ 

(he  direct  use  of(15)  takescarc  of  both  signal-Io-interrercnce  - exp  { y --  — -i’-—  + ) 

an'*  si/nal-lo  noise  criteria  and  is  thus  the  more  f;encral  ' 2(1  — p ) lo,, 

expression.  ' ri7X 

Under  the  circumstances  where  correlation  between  S'  ' ' 

and  / exists.  (8)  can  be  expressed  as  the  following  . . • r-  ■ . i _ 

’ ' ' ^ ^ where  p — is  the  correlation  coefncient  between 

e,  and  e,,  and  is  the  standard  deviation  of  the  con  elated 


•cxp(--  + 

V 2(1  - P^)  la,/  a„a„  a,/.!/ 


’ All  inurc'.iinj;  inic,;r.il  rtcniiiy  can  V-c  csuibtlshr4 by  viftiic  of  this  variations.  An  equivalent  to  Fip,.  2 for  the  corrobatcd  case 
toij.ility.  Tli.ll  iilenli'y  is  ofi'n  foiinct  useful  wticn  Griiissian  asstirnp-  , . . .u  . 

tio.-is  Jc  emptnyed  .and  is  >'*  I A smiilnr  development  to  that 

(•«,  r / I’.  \ previously  described  has  been  applied  to  this  case  as  well 

,,  **P(‘'*  > erf  (nr  ~ =-  (.  jj  ’ and  has  resulted  in  the  iclalionship  piven  by  the  followinp. 
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equation; 

/’('•j.'-j)  = r exp  (-Z*) 

• o f ■;./"/'>£  + rf,. 

l d/Vl  ~ /j*  ■-  P^j 

.,  . (•«) 

Note  that  (18)  reduces  to  (14)  where  p = 0. 

Equation  (IS)  can  obviously  be  plotled  in  a vailety  of 
ways.  Fig.  5 indicates  a normalized  graph  of  the  equation, 
showing  the  relationship  between  P(r^,r^)  and  for  various 
values  of  S — 7,  and  for  fixed  values  of  /'j,  and  p. 

It  highlights  again  the  sensitivity  of  P^r^.r^)  to  the  receiver 
signal-to-noise  threshold. 

Fig.  6 shows  the  relationship  between  /’(rj.rj)  and  for 
various  values  of  correlation  coefficient  p,  and  for  a selected 
set  of  values  of  c,Jc,^,  Tj,  and  S’  — 7.  It  gives  an  indication 
of  the  extent  to  which  correlation  between  signal  and  inter- 
ference statistics  will  influence  the  probability  of  success- 
fully communicating. 

For  mobile  systems  the  variations  in  and  L,-  will  not 
only  be  due  to  propagation  fading  effects,  but  also  to  varia- 


tions in  path  lengths  as  well,  and  it  is  no  longer  reasonable 
to  assume  that  1^  and  arc  normally  distiibuled.  Thus  the 
joint  prob'iibility  curses  must  be  developed  using  other 
than  Gaussian  lelationsliips.  'fhis  iionnormal  consideration 
is  also  true  if  the  desensiti/ation  parameter  /?(/)  is  not 
insignificant. 

IV.  CONCI.IIMONS 

Equation  (18)  developed  in  this  paper  is  a more  general 
representation  of  the  prob  .bility  of  successful  communica- 
tion than  is  customarily  used  in  EMC  analysis.  It  takes  into 
account  perfornumce  limitations  due  to  both  signal-to- 
interference  and  signal-to-noise  uiteria  not  being  exceeded, 
and  thus  avoids  the  strong  signal  assumptions  of  (IG).  It 
also  considers  the  degree  of  correlation  that  exists  between 
signal  and  interference  variations  (when  this  can  be  spec- 
ified) and  is  therefore  not  restricted  to  the  usual  uncoirelated 
case. 
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3 2 Dislribulhm  within  on  hour 

In  Kc>>ort  266-2  it  is  sui;i;csltd  that  the  short  ICTf.a  vaiiations  (within  a half  hour  or  an 
hour)  follow  the  Kayleiijh  distribution. 

All  the  statistical  variations  considaed  above  refer  to  the  hourly  median  values.  To 
assess,  in  a more  complete  fashion,  the  possibilities  of  interference,  the  tjuasi-maxirnum  value 
of  the  field  stienitth  during  the  course  of  an  hour  may  uell  have  to  be  considered. 

At  any  j’iven  jioint  of  reception,  the  annual  median  value  of  the  ratio  between  the  hourly 
quasi-rnaxirnum  (10%)  value  and  the  hourly  median  sabre,  varies  little  from  one  year  to 
another.  This  ratio  is,  however,  a function  of  the  distance  and  the  frequency.  The  study  of 
the  median  value  of  this  ratio,  based  on  n large  number  of  measurements  made  during  the 
course  of  several  years,  shows  that  it  increases  with  the  frequency  and  that  it  decreases  when 
the  distance  increases.  Depending  upon  the  distance  and  the  frequency,  this  value  varies 
between  appro.ximately  6 dlJ  and  3 dll  for  medium  frequencies  (band  6)  and  between  ‘"i-S  dB 
and  2 dll  for  low  frequencies  (band  5). 

However,  for  distances  where  single-hop  propagation  is  no  longer  possible  (above  about 
2000  km),  this  ratio  no  longer  obeys  an  obvious  law,  but  its  median  value  remains  in  general 
below  6 dB  for  medium  frequencies  and  around  2 dB  for  low  frequencies. 


4.  Fornaula  for  estimating  the  wanted-to-inferfering  signal  ratio  R 

Consider  a particular  receiving  location,  at  a distance  /)„  from  the  wanted  transmitter 
of  power  and  at  a distance  D„  from  the  interfeii.ng  transmitter  of  power  T„,  and  consider 
an  interval  of  one  hour,  the  mid-point  of  which  co.vesponds  to  the  local  times  //„  and  7/„ 
of  the  mid  points  of  the  path  of  the  wanterl  and  unwa.ntcd  transmissions,  then  the  ratio  A'  {T) 
in  dB  between  the  wanted  hourly  median  signal  level  and  the  interfering  hourly  median 
signal  level,  exceeded  for  a percentage  T greater  than  50%  of  the  hours  of  the  year  when  the 
value  Ji  is  exceeded,  can  be  calculated  for  a non-dircclional  receiving  antenna  from  the 
following  formula; 

^(A)  =-f)/u(50)  - A)/„(50)  - (4) 

where  p repre.sents  the  correlation  between  the  changes  in  hourly  median  values  for  the 
wanted  and  interfering  signal  propagation  paths.  In  the  absence  of  measmements  of  this 
factor  p,  it  is  suggested  that  it  be  set  equal  to  0-5  in  using  equation  (4). 

It  should  be  noted  that  and  S;;,  always  have  opposite  signs  and  that  the  minus 
sign  before  the  radical  in  (4)  is  associated  with  the  practical  situation  normally  encountered, 
where  the  time  availability  T of  satisfactory  service  is  greater  than  50%. 

Strictly  speaking,  equation  (4)  is  applicable  only  to  the  extent  that  a log-normal 
distribution  describes  the  data.  However,  for  the  distributions  encountered  in  practice,  tlie 
formula  is  an  adequate  approximation.  It  neglects  the  rapid  variations  of  both  thc_  wanted 
and  interfering  sig...ils. 


5.  Temporal  variations  of  the  field  strengths 

5.1  Combined  influence  of  the  hour  and  season 

Fig.  6 provides  a correction  of  the  hourly  median  as  a function  of  the  hour  at  the  mid- 
point of  the  path.  Put  this  correction  tciin  is  itself  no  more  than  a yearly  median  derived 
from  results  obtained  with  different  frequencies  and  at  all  times  of  the  yeru".  The  spicad  of 
the  correction,  shown  in  Fig.  7 is,  therefore,  very  great.  Its  value  can,  1 owever,  be  rendered 
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